Supplementary Information

Summary of the multi-trait GWAS methods compared
, (e) and (f) (see Table 2 ) applied to data on 4 phenotypes. The pairwise phenotypic correlations are the same for all phenotypes. Correlations < −0.3 are not possible across 4 phenotypes, hence the truncation in these results across the correlation range. Power comparisons from simulations of scenario 1 (S1), based on -(see Table 2 ) applied to data on 8 phenotypes, (a) -(j) respectively. The pairwise phenotypic correlations are the same for all phenotypes. Correlations < −0.1 are not possible across 8 phenotypes, hence the truncation in these results across the correlation range. Power comparisons from simulations of scenario 1 (S1), based on -(see Table 2 ) applied to data on 20 phenotypes, (a) -(j) respectively. The pairwise phenotypic correlations are the same for all phenotypes. Correlations < 0 are not possible across 20 phenotypes, hence the truncation in these results across the correlation range. mv-BIMBAM was not computationally feasible, and mv-SNPTEST not hard-coded, for 20 or more phenotypes and so were excluded here. SHet is excluded, as a gamma distribution could not be estimated for these correlation matrices. Power comparisons from simulations of scenario 1 (S1), based on -(see Table 2 ) applied to data on 48 phenotypes, (a) -(j) respectively. The pairwise phenotypic correlations are the same for all phenotypes. Correlations < 0 are not possible across 48 phenotypes, hence the truncation in these results across the correlation range. mv-BIMBAM was not computationally feasible, and mv-SNPTEST not hard-coded, for 20 or more phenotypes and so were excluded here. SHet is excluded, as a gamma distribution could not be estimated for these correlation matrices. Simulations of scenario 1 (S1) with downstream effects under the null hypothesis of no genetic effect, applied to data on 2 phenotypes based on 10,000 replicates. The pairwise phenotypic correlations are the same for all phenotypes, and the genetic variants are simulated to explain zero variance in the first phenotype, which has a downstream effect on the second phenotype. Power comparisons for the simulations of scenario 1 (S1) involving two case/control phenotypes (top panel), and one case/control phenotype and a quantitative phenotype (bottom panel). The genetic variant either has (a) the same effect on both phenotypes, (b) a larger effect on the first phenotype, or (c) an effect on the first phenotype and no effect on the second -in the mixed phenotype scenarios the first phenotype is the quantitative phenotype (see Methods for details of these simulations). For all simulations, the case/control phenotypes have a simulated prevalence of 1% according to a liability threshold model. In this scenario the phenotypic correlations are chosen to reflect the relative genetic effect sizes defined in Equations 2 -4 for 2 phenotypes, and by the 10 genetic effect vectors (see Table 2 ) for 4, 8 and 48 phenotypes. mv-BIMBAM was not computationally feasible, and mv-SNPTEST not hard-coded, for 20 or more phenotypes and so were excluded here for 48 phenotypes. SHet is excluded for 48 phenotypes, as a gamma distribution could not be estimated for these correlation matrices. in Methods), and genetic effect sizes are defined by Equations 2 -4 for 2 phenotypes, and by the 10 genetic effect vectors (see Table 2 ) for 4 and 8 phenotypes. Power estimates for the SHet method under simulation scenario 4b (S4b) with simulated data on 5,000 and 10,000 samples. The maximum power achieved by any individual-level data method for 5,000 samples is shown, as well as the percentage increase in power for the SHet method on 10,000 samples compared to this individual-level data method on 5,000. We assessed the computation time for all 10 methods on a machine with a 2.7 GHz Intel Core i5 processor and 8 GB 1600 MHz DDR3 RAM. We simulated data for 5,000 samples, 100 SNP replicates with MAF 0.3, genetic variance explained of 0.5% for all phenotypes, and pairwise phenotypic correlations of 0.
S1: Results for highly sparse association signals
Supplementary Figure 14 . Power comparisons from simulation of scenario 1 (S1) for 48 traits, where only one trait is affected by the genetic variant. The genetic variant is simulated to explain 0.5% variance in the affected trait. The pairwise phenotypic correlations are the same for all phenotypes. Correlations < 0 are not possible across 48 phenotypes, hence the truncation in these results across the correlation range. mv-BIMBAM was not computationally feasible, and mv-SNPTEST not hard-coded, for 20 or more phenotypes and so were excluded here. SHet is excluded, as a gamma distribution could not be estimated for these correlation matrices. 
